1. The spectra of hydrogen bentonite (A), acetic acid (B) , and acetic acid adsorbed on hydrogen be ntonite (C ) 13
2. The spectra of VAMA and VA!Ol adsorbed on calcium bentonite in various concentrations 1. l'he spectra of H.PI\N as the calcium salt (A), as the acid (B) , and as the natural sodium salt (C) • 27 B. The spectra of H.PI\N adsorbed on calcium bentonite in various concentrations 28 9. The spectra of IBMA as the calcium salt (A ) , as the natural ammonium salt (B) , and as the acid (C) 10 . The spectra of IBI.Y\ adsorbed on calcium bentonite in two concentrations and on hydrogen bentonite in two concentrations
29

INTRODUCTION
The vibrational frequencies of atom to atom bonds within a molecule are a function of the bond energies. Each bond has its characteristic frequency, and most of these frequencies can be detected with the infrared spectro-photometer. When one compound reacts with another or is adsorbed on the surface of a solid, detectable frequency changes or shifts may occur. These changes or shifts yield valuable information about the bonds which are formed or broken.
Infra-red spectroscopy was used in this study to investigate the nature of the bonds that might fonn between organic molecules and silicate minerals.
REVIEif OF LITERATURE
Early in the study of factors affecting soil aggregation , good correlations were found to exist between aggregate stability and the organic and clay contents of the soil (1, 22) . Inor ganic oxides were also found to be impor tant in the a ggregation of some soils . In a detailed study Kroth and Paee (18) showed that inorganic oxides (iron and aluminum), fats, waxes, and resins formed a continuous matrix which bound the soil particles together by physical forces alone.
Soil microbiologists found that the products of active microbial decomposition were much more effective age regators than fresh organic matter or completely composted organic matter (5, 19, 20, 21, 25 ) .
These products often carry several active groups, the most common of which are the hydroxyl , carboxyl, and amino groups. Few studies have given direct evidence as to the methods by which these groups may enhance aegregation .
\Vorkers who have encountered difficulty in extracting organic matter from the soil noted that polyuronides were not removed during the extracting proce ss and that the C/N ratio in the residue was lower than that of the original soil (32). The lower C/N ratio in "the residue suggested that nitrogenous organic compounds form strong bonds with inorganic colloids .
When large organic cations were adsorbed on montmorillonite the C-iixis spacing was greatly increased (13 1 16). Only other large organic cations were able to replace the adsorbed cations. It was concluded that organic molecules which are cationic in nature, perhape as a result of amino grou ps , are attached to the inorganic colloid by coulombic forces (13, 16) .
Several workers (9 , 10 , 29) have presented further evidence that amino cations form bonds with clay minerals by noting that bacteria encountered difficulty in attacking proteins ltlich were adsorbed on montmorillonite.
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Amino acids and free amino groups have been frund to exist in soil organic matter (27, 31 Many authors suggest hydrogen bonding as a possible mechanism by which soil particles are bound together into a ggregates, but little informs tion is given which would indicate the actual groups and a toms that would be involved.
Infra-red spectroscopy has become a useful tool in the identifiestion of organic and inorganic molecu les. '!he frequencies with which atoms vibrate within a molecule fall in the infra-red spectrum. If "white" infra-red radiation is passed through a sanple and defracted with a rock salt prism, a characteristic spectrum results we to the a bsorption of various amounts of the incident radiation by the various chemical bonds within the molecules. Within limits , the amount of the radiation that is absorbed is d irectly proportional to the rumber of molecules in the path of the beaa.
Theoretically one should be able to determine the structure of a j:1lre compound by noting the frequencies at which absorption takes place and recalling the bonds which absorb at those J»rticular frequencies.
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In prac tice this can only be approxLw.ted as resonance and coupling take place between bonds with similar frequencies.
It is of importance in this study to note that group frequencies are altered as a result of hydrogen bonding. ,'(hen the carbonyl group undergoes hydrogen bondine, the oxygen carbon double bond is slightly weakened which results in a slight lcmering in its vibration frecpency.
This shows up as a shift in the infra-red band attributed to the carbonyl group.
Infra-red absorption has been used to study the adsorption of organic and inorganic substances on the surfaces of metals, oxides, and silicates (6, 11, 34).
Infra-red absorption was used by Holmes and Toth (17) to determine a possible linkage between a synthetic soil conditioner and clay minerals. It was noted that the absorption band indicating free OH groups on the clay mineral disappeared when large amounts of the conditioner were adsorbed. This indicated that hydrogen bonding had taken place between the soil conditioner and the clay mineral, but it was not determined which of the available groups, the amide, phenolic, or the carboxyl groups, were active.
It appears that further use of infra-red spectra may provide information about the actual mechanisms by which organic molecules are linked to silicate minerals.
EXPERU!ENTAL llE'IHOOO lolontmorilloni te no. 26 (bentonite from Clay SJA!r, \'fyoarl.ng) was obtained. The bentonite, as received, contained significant amounts of quartz. Therefore, the bentonite was dispersed in deionized water and centrifuged in a Sharples Super Centrifuge. Only that portion below 0 . 2 r was retained f or use' as it was relatively free of quartz.
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Using an International Centrifuge, size 2, the centrifuged bentonite samples were saturated with calcium and hydrogen using calcium chloride and hydrogen chloride in dilute solutions. Enou~ calcium chloride or hydrogen chloride was added to tbe bentonite solution to cause flocculation. The samples were centrifuged and the supernatant liquid was decanted and discarded. Deionized water was added, the samples were shaken for five mirrutes and recentrifuged. The supernatant liquid was again discarded and the process repeated until the suspen-. sions were dispersed again. The flocculation, centrifugi ng and dispersion was repeated four times to assure saturation with the desired ion.
After washing with deionized water to the point of dispersion the last time, the calcium saturated bentonite had a pH of 6.6 and the hydrogen saturated bentonite a pH of 1.7. 
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Samples were prepared qy placing various quantities of the adsorbate in a 50 ml Erlenmeyer flask containing 5 ml of deionized water.
Five ml of a solution containing 0 . 021 g of bentonite per ml were added to the flask . The mixture was shaken on a wrist action shaker for one hour and allowed to stand for 16 hours .
The samples were poured into a petri dish and dried at 55° C in an oven. The residue was ground with a mortar and pes tal and then subjected to infra-red inspection cy the KBr pressed-disk technique (JJ), using a
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Beckman die of diameter one-half' inch, A Perkin-Elmer ltodel 21 Dooble
Beam Recording Spectro-ji10tometer was used to obtaL'l the spectra ,
EXI'ERBIEN'IH RESULTS
The spectra of several organic compounds adsorbed on centrifuged
Wyoming bentonite were obtained. That portion of the spectra of these mixtures which showed a change due to adsorption is given in figures 1 through 10. Most of the compounds S'towed activity in the 5 . 5)-' to 6.5)A region though some were active over the 5.5)-\ to 7. 5)A region.
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The band which appears at 6 .16)-\ in all spectra containing bentonite is due to the adsorbed water on the bentonite itself.
The units on the absorbance scale of the figures are not necessary as quantitative data was not sought. It was found convenient to space the spectra so as to get several in one figure. Therefore it would not be convenient to place unita on the absorbance scale as several scales would be required in each figure.
DISCUSSION
The infra-red absorption band arising from the C=O stretching vibration has been extensively studied, and much is known of the factors which influence its frequency. This band lies in the region betfteen S. B J-' and S.9r 
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Diethyl ketone was studied 1n an attempt to isolate the effects of the carbonyl group . Figure 5 shows the spectra of diethyl ketone and the ketone adsorbed on calcium saturated bentonite. It is noted that the strong carbonyl band of the ketone at 5 .135~-'-shifts to 5,94 ._, when the ketone is adsorbed on bentonite. 'Ibis indicates that the carbonyl group is active in hydrogen bonding to the clay mineral .
Since the carbonyl group does hydrogen bond to the clay mineral, one might speculate as to the site on the clay mineral which is taking part in the bond foroation.
Several workers (7, 15, 17, 30 ) have shown by X-ray detraction that organic anions such as the ones used in this study do not enter between the crystal lattice of montmorillonite type clays. Since a hydrogen atom is necessary and since one attached to an exygen atom has been shown to be effective 1n forming dimers and polymers in alcohols and acids, it is proposed that a hydroxyl group exposed on the broken edge of the clay crystal is the reactive site, When a hydroxyl g roup is involved in hydrogen bonding, it has been shown that the OH stretching frequency is reduced and the OH deformation frequencies are increased , These frequency shifts were not observed due to the masking of these regions by two factors: (a) by the many internal hydroxyl groupe of the clay mineral which are not in a position to take pert in the proposed mechanism and (b) by the adsorbed water on the clay mineral.
Several authors (7, 8, 17, 26, 30) 
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The data presented in this !Bper agree 1n principle with the above authors except for shcnring that the carbocyl group is active.
It has been found that polygalacturonic acid is a constituent of soil organic matter (12) . 
APPENiliX
Two of the compounds that were studied did not show hydi'ogen bonding throu{;h the carbonyl group when the carboxyl group was ionized. Peterson (28) . However, the evidence is meager and further work should be carried out using bentonite saturated with various mono-and polyvalent ions and using various salts of HPAN.
It is interesting to note the increased prominence of the unidentified band at 6.o2r· I f this band could be identified, i t would he lp in determining the mechanism by which HPAN is bonded to montmorillonite type clay minerals. 
